other to achieve their goal. There are also heroes and heroines and Ashburner identifies these as including Gerry Rubin and Suzi Lewis in particular. Heroes come in all shapes and sizes and, despite what Scott Hawley says in his Epilogue, they most definitely include Michael Ashburner. The heroes of mythology were no less fallible than the rest of us and, characteristically and endearingly, Ashburner reveals much about himself along the way (his lovehate relationship with airlines and airports, his indulgence in restaurants, his love of bird watching) and the story finishes with his being diagnosed with diabetes, the debilitating effects of which he must have had to endure during the dash to the finish. Of course, the sequence as published in March 2000 was not 'complete' in any sense, and will continue to be refined for some time to come.
Ashburner's story does not take long to tell, occupying a mere 53 pages. These are complemented by 14 delightful charcoal character sketches by Lewis Miller of the main protagonists, and six photographs, surprisingly few in the digital age; perhaps there wasn't time for more. One shows six Cambridge (England not Mass) Drosophilists, including a slightly manic Michael Ashburner leaning, Morgan-like, on a bench covered with bottles of Drosophila. This seems slightly out of place as only one of the other five is mentioned in the text, and then only in passing. It was originally published in The Observer (a UK Sunday newspaper) in 1988 to accompany an article extolling the virtues of Drosophila research in general, and Drosophila research in Cambridge in particular. Its year of publication is not unrelated to the story, however, as 1988 was the year that the forerunner of the genome sequencing project, the Drosophila genome mapping programme, began.
The length, or lack of it, of Ashburner's text was not a problem for me, a blessing in fact as I am a slow reader, but it clearly was for the publishers as the last third of the book comprises extended essays by Scott Hawley and Ethan Bier. Scott Hawley's Epilogue gives a brief history of Drosophila research from Darwin, perhaps a little further back than necessary (my paraphrase of Dobzhansky would be "Nothing makes sense in biology except in the light of genetics"), to the present day. Ethan Bier provides an Afterword which highlights the sophistication of the techniques used by Drosophilists today, and shows how much they depend on the genome sequence.
Excellent though these essays are (I found in the Afterword some valuable references I had missed) I am not sure that they add much to Ashburner's rollicking tale and may be fairly heavy going for those not in the field. It did make me wonder at whom the book is targeted. The Epilogue and Postscript will be of interest to advanced undergraduates, research students, and others working with Drosophila. The main story should have much wider appeal, but at £11/$19.95 for a hardbound volume who can complain?
'Won for All' will naturally be compared to Jim Watson's 'The Double Helix' as both set out to give a realistic account of how an important piece of science was done. 'The Double Helix' is more substantial and describes a more significant achievement, but 'Won for All' is no less valuable for that. Science and society may have changed dramatically during the last 50 years, but scientists have not. The excitement and drama of the chase are as strong now as then and this comes through in 'Won for All'. Hopefully it will inspire students to pursue a career in research just as 'The Double Helix' inspired me when I read it in a day in 1968. In 1987 the BBC turned Watson's book into a truly gripping film 'Life Story', and I can imagine the same being done with 'Won for All'. Jeff Goldblum gave a memorable performance as Jim Watson. Who will play Michael Ashburner?
Birds are in some ways like our doppelgängers perched on another branch of the tree of life. Many of their qualities -complex behavior, bipedality, endothermy, and highly visual nature -verge on those of humans while refracted through their feathery exterior. By contrast, dinosaurs are charismatic for a different set of reasons, perhaps arising from a resonance with the monstrous and mythical. Nonetheless, abundant and ever increasing evidence places birds as one surviving lineage of the diverse clade Dinosauria (Figure 1 ).
Prior to formulation of a theory of evolution, scientists had noted the anatomical similarities of birds and other dinosaurs. Shortly after Darwin's landmark publications, fossil flighted and feathered species such as Archaeopteryx were recognized as important early evidence supporting this theory. During the past 30 years novel methods and abundant new data have ever more firmly established the evolutionary relationship between birds and other dinosaurs. In this time, paleontology has largely moved beyond debate on the broad scale location of birds in the tree of life to more nuanced questions such as which taxa of dinosaurs are most closely related to birds and what morphological details mark the transition from non-flighted dinosaurs to extant birds. Insights have been reflexive, with new information from dinosaur fossils informing our understanding of the evolutionary basis for features of extant birds, and with new information on avian growth, physiology, locomotor strategies informing our interpretation of the dinosaurian fossil record. 
Birds as dinosaurs

Primer
The simple criteria formerly used to distinguish birds from other vertebrates have become increasingly blurred as new fossils have been discovered. How these terms are used also directly affects our view of avian evolution.
Although debate continues, two primary alternative placements for the taxon name 'Aves' predominate: first, it is used for the most recent common ancestor of dinosaurs inferred to have a form of active -as opposed to gliding -flight and all of its descendants; second, 'Aves' is used for the most recent common ancestor of extant lineages of birds and of its descendants (Figure 1 ). Linnaeus originally coined the term for the latter clade and only the most recent common ancestor of all extant lineages can be minimally most parsimoniously inferred to have all of the derived aspects of avian physiology, behavior and locomotion unique to extant birds, which are the only taxa in which these largely unfossilizable attributes can be directly studied. inferred secondarily flightless, early relatives of extant birds should be associated with the scientific name Aves, has perpetuated both uses of the taxon name. New fossil discoveries will certainly further complicate application of the name 'Aves', if that name is linked to an arbitrarily chosen defining character, such as feathers or flight. Dinosaurs inferred to have a form of aerial locomotion have undoubtedly become a more diverse assemblage, blurring the line between birds and other dinosaurs. Here, we will use the term 'flighted dinosaur' instead of 'bird' for those taxa outside the extant avian radiation. The most recent common ancestor with a form of active flight homologous to that in birds and all of its descendents is referred to as the clade Avialae. Restricting the use of the name Aves to extant taxa exposes unjustified assumptions that the physiology or locomotion directly observable in extant taxa is present in diverse early avialans because they are also 'birds'. The current phase of dinosaur studies was largely spurred by new fossil discoveries, particularly of wellpreserved dinosaurs that shared more derived anatomical features with birds than had been previously known. The development of phylogenetic methods provided new techniques for analyzing these shared features. Analysis of dinosaur fossils with increasingly comprehensive taxonomic sampling and large numbers of morphological characters has made the placement of birds within Dinosauria broadly accepted. However, a vocal minority maintains that birds are related to an as yet unidentified and undiscovered archosaurian lineage. Some of the same dinosaur taxa previously considered distantly related to birds and irrelevant to bird origins when known only from skeletal material are, now that they are known to have been feathered, actually identified as birds.
Archosauria is the clade composed of the most recent common ancestor of birds and their closest living relatives, crocodilians, as well as all of its descendants (Figure 1) . On the basis of shared derived morphological characters of the ankle, birds are placed in one of two major lineages of archosaurs, the one that includes both pterosaurs and dinosaurs. Within Dinosauria, birds as a clade are strongly supported by skeletal characters as one lineage of a clade that includes a variety of small raptor dinosaurs. Birds are placed as part of Avialae in the clade Maniraptora, which is part of the progressively more inclusive dinosaurian clades Theropoda and Saurischia. The evolution of both terrestrial and aerial locomotion in the Dinosauria as well as temporal patterns of dinosaur diversification and extinction are the subjects of active research.
New fossils and the evolution of feathers
Hotbeds of dinosaur finds with extraordinarily well-preserved remains have been discovered in the past 15 years, particularly in Asia and South America. Taxa most closely allied with birds are now known from numerous, fully articulated skeletons. Some of these were even found buried in typical avian postures such as in a brooding position on a nest or sleeping with their head tucked under their wing. Until recently, feathers were considered the defining anatomical feature of birds. However, during the past ten years, remarkable specimens of non-avian dinosaurs have been discovered in China that show that the distribution of feathers and related structures is not restricted to flighted taxa in the clade Avialae (Figure 1) . In taxa that are more distantly related to birds, such as Sinosauropteryx, tufts projecting a few millimeters from the skin have been discovered that resemble early stages in avian feather development. In taxa more closely related to birds such as the oviraptorid Caudipteryx and dromaeosaurid Sinornithosaurus, a full complement of elongate pinnate wing and tail feathers have been observed. Additionally, in specimens of the dromaeosaurid taxon Microraptor, asymmetrically veined pennaceous feathers from both the forelimbs and the hindlimbs have been described (Figure 2) . In extant birds, this type of feather is only known from the forelimbs of flying taxa but never on the hindlimb or in taxa that have secondarily lost flight. Although the aerodynamic benefits of hindlimb feathers have been questioned, a similar feather pattern was found on a basal flighted avialan species that is part of the Enantiornithes (Figure 1 ) and thus comparatively early after the evolution of flight. These elongate hindlimb feathers may represent a stage in the evolution of avian flight. Alternatively, they could indicate a separate evolution of a distinct form of aerial locomotion.
The phylogenetic appearance of feather-like integumentary structures in extinct dinosaurian taxa appears to closely parallel the ontogenetic stages of feather development in extant birds. Feathers develop from an epidermal placode into a hollow cylindrical sheath that then differentiates into the central rachis, the barbs that make up the flat surface of the feather, and the interlocking barbules or hook-like structures of the barbs that keep the integrity of the flat surface. This developmental evidence, i.e., that feathers do not develop directly from planar scale-like epidermal precursors but from hollow cylindrical or tubular structures, shows a high degree of congruence to the fossil evidence (Figure 1 ). The phylogenetically earliest integumentary structures present in theropod dinosaurs (e.g., Sinosauropteryx) are not flat modified scales but tubular filaments. More derived taxa, those more closely related to birds, (e.g., Caudipteryx, Protarchaeopteryx) possess further structurally differentiated integumentary structures that parallel laterstage feather development. The feathers in these non-flying dinosaurs are structurally identical to extant avian feathers in that they are comprised of a central rachis, branching barbs, and barbules. Interestingly, a theory of feather evolution based on the newly described developmental evidence was proposed prior to the discovery of many of the dinosaurian taxa that appear to validate it so well.
Evolution of avian locomotionflying and running
Though inextricably linked to the evolution of feathers, the origin and subsequent evolution of flight is a separate question. Although changes in feathering may be linked to changes in flight style or behavior after the origin of flight, feathers clearly arose for reasons unrelated to flight, because their first phylogenetic appearance significantly precedes the emergence of flight within theropod dinosaurs. Traditionally, discussions about the evolution of flight have revolved around two, commonly considered mutually exclusive, hypotheses that are associated with notions of the ecological context for the evolution of flight and the stages in its development. The 'arboreal' hypothesis states that active avian flight evolved from the 'treesdown' through an intermediate gliding stage, whereas according to the 'terrestrial' hypothesis the basic elements of the flight stroke motions developed in grounddwelling raptorial species related to feeding behavior.
Recently, a previously undescribed but evidently common extant avian locomotor strategy, 'wing-assisted incline running', was described and has been the basis for an alternative adaptive scenario for the evolution of the flight stroke. Hatchling birds without the full complement of elongate wing feathers use both forelimb and hindlimb to ascend steeply inclined and even vertical surfaces. During this behavior, the plane of wing movement is rotated nearly 90° relative to that during aerial flight stroke, such that the stroke is fore-aft rather than up-down. Thus, the wings do not provide lift but instead function to increase hindlimb traction. Wingassisted incline running provides a potential new locomotor function for the forelimb feathers in non-flying dinosaurs, which are unsuited to be an aerodynamically effective flight surface (e.g., Caudipteryx; Figure 1 ). New fossils are needed to better inform which features of feathering and potential skeletal adaptations would have been ancestral to the first dinosaur species with active flight.
A new conceptual framework, termed 'locomotor modules', was developed to understand the changes in musculoskeletal and neuromotor integration during the evolution of flight. According to this framework, quadrupedal saurians (including crocodilians and basal archosaurs) possessed a single locomotor module, which included forelimbs and hindlimbs as well as the tail. Bipedal dinosaurs also had just one module, but it was composed of the tail and hindlimb while the forelimb was decoupled and freed from locomotor function. This transition allowed the forelimb to eventually gain a novel function within the theropods, namely flight. Extant birds have three locomotor modules: hindlimb, forelimb and tail, with the latter two acting in concert during flight. Two modules must have been present at the origin of active flight (hindlimb and forelimb) and the presence of three has been inferred. However, new fossil data suggest that we may be just beginning to understand at which point in the evolution of flight the novel coupling between the forelimb and tail arose.
A new fossil species (Yixianornis; Figure 1) indicates the first appearance of a tail with a full complement of elongate tail feathers and short bony tail Figure 2 . A feathered dinosaur. Specimen of a small (ca. 80 cm) dromaeosaurid theropod Microraptor gui (IVPP V13352) from the Early Cretaceous Jiufotang Formation of China. This well-preserved fossil exhibits two distinct types of feathers, first a filamentous, down-like covering, and second, elongate, pennaceous feathers. More remarkable, however, is the presence of described asymmetrically veined feathers attaching to the hindlimbs, a condition unknown in extant birds. Based on this evidence, some authors hypothesized that powered flight evolved through a 'four-winged' stage, while others maintain that this species may represent a separate evolution of a form of flight from a non-flighted but feathered ancestor. (With permission from Xu et al. (2003).) structure, associated with the bulbi rectricium complex of fat and muscle that allows tail feather fanning in extant birds. This species is more closely related to extant birds and lived well after the origin of flight. In phylogenetically earlier taxa, elongate bony tails that could not possess the fanning mechanism (e.g., Archaeopteryx) or a single pair of aerodynamically costly and apparently sexually dimorphic tail feathers were present (Confuciusornithidae and Enantiornithes; Figure 1 ). These latter taxa suggest an important role for sexual selection on tail morphology early after the evolution of flight. Their feathering also suggests that coupled locomotor function between the hindlimb and tail had been lost, although the new aerodynamic function of the tail with the forelimb may not have yet been present in the lineage leading to extant birds.
The evolution of avian physiology
The recognition that birds are a lineage within Dinosauria has affected our view of dinosaurian life histories and physiology. Large-scale histological studies have produced detailed growth curves for basal through extant dinosaurs (i.e., birds) suggesting that an array of growth strategies was present in dinosaurs that was intermediate between those of extant birds and those of the nearest extant outgroups to birds-crocodiles (Figure 1) . A more nuanced understanding of the evolution of dinosaurian growth and physiology reveals that the differences between flighted and non-flighted dinosaurs are, as are other aspects of their biology, less pronounced than previously imagined.
Dinosauria have been proposed to show a period of elevated growth rate early in ontogeny. This period is longer in larger dinosaur taxa, although all retain a phase of slower growth that is lacking in most extant bird taxa. Across Dinosauria, body size is best correlated to growth rate. The small body size of derived theropod dinosaurs appears to be due to a shortening of this fast growth phase, and some early flighted species do not show marked differences in growth rate from related, small-bodied and non-flighted species. It is hypothesized that it is only after the evolution of flight that a growth strategy approaching that of extant birds is seen; i.e., rapid uninterrupted growth to adult size with little in the way of late stage slower terminal growth.
Timing and pattern of dinosaur extinction and diversification
Given that birds are one lineage within Dinosauria, all dinosaurs clearly did not go extinct 65 million years ago. In fact, they are today the most speciose terrestrial vertebrate clade, with an estimated more than 9,500 species. No evidence suggests that any other dinosaurian species survived the end Cretaceous mass extinction event. Nevertheless, it is unclear how many of the avian lineages were present at the end of the Cretaceous.
Some authors have argued for a pattern of survival based on body size, such that all large dinosaur species went extinct, but small forms such as birds survived. However, the current data do not support this hypothesis: even the dinosaurs most closely related to the extant radiation, an ecologically diverse set of small-bodied, flighted taxa, are unknown in any part of the Tertiary. These close relatives of Aves seem to have shared aspects of avian physiology, including rapid growth to adult size. If the demise of the non-avian dinosaurs is related to physiological differences, these differences remain to be adequately described. Many aspects of avian biology, including their growth and thermoregulation strategies, are now known to have arisen earlier in dinosaurian evolution.
The causes of selective dinosaurian extinction or survival patterns at the end of the Cretaceous may well remain elusive and any explanation will require a better understanding of avian diversity at the end of the Mesozoic. The fossil record for parts of avian lineages suggests that the current radiation began no earlier than the latest Cretaceous. There has been an exponential increase in the number of avialan species that have been identified in the last ten years, but the only skeleton being part of the extant radiation is within several million years of the end of the Cretaceous. Other Cretaceous taxa so far represent a diverse array of outgroup species to the extant bird radiation. However, the ability to rapidly acquire new molecular sequence data of extant birds and the development of new computational tools, such as molecular divergence dating, has produced a resurgence of interest in and an increase in studies of the timing of major changes in avian biodiversity.
Molecular divergence dating extracts the time component from rate estimates in molecular sequence evolution and often incorporates fossils as calibration points. Using divergence dating, the origin of extant lineages has been placed earlier in the Cretaceous, around 100 mya. Given this estimate, there would be a missing fossil record of approximately 30 million years. Fossil data suggest minimally five deep divergences within the radiation of extant lineages by the end of the Cretaceaous based on inference from wellpreserved fossil specimens and cladogram topology. By contrast, divergence dating suggests that at least early parts of most major avian groups were present by the Cretaceous/Tertiary boundary. Biogeography has also been argued to support the presence of most avian subclades by the middle of the Cretaceous. New fossil data and refined divergence dating techniques will inform whether we should appropriately include early relatives of extant lineages of birds as disparate as chickens and songbirds alongside Tyrannosaurus and allies for large parts of the Cretaceous.
